, in contrast, recommends only one prinary standard (potassium hydrogen phthalate) determined by the cell without liquid junction and a number of secondary standards determined by the operational cell. The basis of this different approach is the argument that to define the pH scale (i.e. to define the line of operational cell electromotive force vs. pH) only one point, or primary reference standard, is required, the other parameter being the theoretical slope (59.159 mV at 298J5 K). It must be emphasized that the definition of pH scale is quite distinct from the measurement of pH with glass-reference electrode-pH meter assemblies where several standards are used in order to take into account possible deficiencies in the electrode and meter performanceS The decision of the conference in support of the resolution that 'A single primary standard pH scale should replace the existing IUPAC multiple primary scale' fell short of a consensus of expert opinion and was reported to the joint commission meeting in Leuven in August 1981, There a third joint meeting of Commissions 1,3 and V,5 voted to adopt a compromise proposal which recognizes the validity of both NBS and British Standard approaches, It is the purpose of this report to describe this proposal which is intended to replace the existing IUPAC definition of the quantity pH (ref, 2). Further details of the background to these discussions and arguments can be found in two recent reviews (refs. 7,8) . (1) where CH is the hydrogen ion concentration (in mol dm3), was subsequently modified to pH = _lga (2) where a11 is the (relative) hydrogen ion activity. This can only be a notional definition for pH involves a single ion activity which is immeasurable. Equation (2) is often written as pH = -lg m11y11 or pH = -ig CHYH (3) pH is a dimensionless quantity. It is not correct to write, in isolation, the logarithm of a quantity other than a dimensionless number, and the full forms of equation (3) are either pH = -lg (mHYH/m9) (4) or pH = -lg (cy/c9) (5) e e where m and c are arbitrary constants, representing the standard state condition, numerically equal to either 1 mol kgl or 1 mol dm3 respectively, mH is the nolality of hydrogen ions, cH is the amount-of-substance concentration of hydrogen ion and H, YH are single ion activity coefficients of hydrogen ion on the two scales respectively. For most purposes the difference between the two scales for dilute aqueous solutions can be ignored; it depends on the density of water, and is about 0.001 at 298.15 K rising to 0.02 at 393.15 K. Pt II both cells being at the same temperature throughout and the hydrogen gas pressures and the reference electrode being identical in the two cells, The two bridge solutions may be any molality of potassium chloride not less than 3.5 mol kg-', provided they are the same (ref. 9), The pH of solution X, denoted by pH(X), is then related to the pH of the standard reference solution 5, denoted by pH(S), by the definition:
(RT/F) in 10 where R denotes the gas constant, T the thermodynamic temperature, and F the Faraday constant.
To a good approximation, the hydrogen electrodes in both cells may be replaced by other hydrogen-ion-responsive electrodes, e.g. quinhydrone; in particular, in most measurements a single glass electrode, transferred between the cells, replaces the two hydrogen electrodes.
STANDARD REFERENCE SOLUTIONS
The difference between the pH of two solutions having been defined as above, the definition of pH must be completed by assigning a value of pH at each temperature to one or more chosen solutions designated as standard reference solutions.
2,1 Reference Value pH Standard. The qualities of potassium hydrogen phthalate as the most studied (refs. 10-14) of all the pH reference materials are recognised and so it is designated as the reference value pH standard (RVS) at specified molality of 0.05 mol kg. The reference value method is the cell without liquid junction (Cell III). 
where m signifies molality and y activity coefficient of the subscripted species, Ee is the standard e.m.f., me = 1 mol kg and k = RT(ln 10)/F. Equation (7) can be rearranged to
The standard e.m.f. is derived from measurements on the cell and calculated from equation (7) If the definition of pH given above is adhered to, then the p11(X) of a solution using cells I and II (see Section L2)may be slightly dependent on which standard solution is used These deviations are due to (i) the Bates-Guggenheim convention (see Section 3 and equation (10)) adopted for the single ion activity coefficient of the chloride ion (in order to obtain, from the analy3is of measurements on the cell without liquid junction, pH(PS) values) being applied to all seven standard reference solutions; and (ii) variations in the liquid junctions resulting from the different ionic compositions and mobilities of the several standards and from differences in the geometry of the liquid-liquid boundary. In fact such variations in measured pH(X) are usually at the OO2 level and are too small to be of practical significance for most measurements
To avoid variation in pH(X) with choice of primary reference standard, essentially a problem of overdefinition, operational standards are defined, traceable directly to pH(RVS), as described in Section 2.3. Operational standards are in no way to be regarded as inferior to, but on a par with, primary standards for the purpose of pH measurement with 'ell II. (b) pH(X) is required to ± 0.002 and interpretation in terms of hydrogen ion concentration or activity is desired, Choose a primary standard to match X as closely as possible in pH, composition and ionic strength. Even so, the uncertainty in hydrogen ion concentration will correspond to ± 0.02 in pH(X). Alternatively, choose an operational standard on the and E(S2) of two cells II with standard solutions S1 and S2 such that the E(S1) and E(S,) values are on either side of, and as near as possible to, (X). The pH of solution X is then obtained by assuming linearity between pH and E, that is to say:
Operational pH Standards (OS
Using this procedure it will not be possible to select both standard reference buffers to match in pH, composition and ionic strength. The purpose of the bracketting procedure is to compensate for deficiencies in the electrodes and measuring system. 
INTERPRETATION OF pH IN TERMS OF HYDROGEN ION CONCENTRATION
The quantity pH as defined in Section 1.2 has no easy interpretation. However, in the restricted range of dilute aqueous solutions (of total ionic strength not exceeding 0.1 mol kg1) in the pH range 2 -12, that is for solutions closely matching the concentrations and compositions of the primary and operational standard buffers, the definition is such that pH = _lg(cy/c9) + OO2 + {E(S) -E(X)}F/(RT in 10) (13) and hence of the concentration of the hydrogen ion in the test solution. All solutions used should be identical in composition with respect to the inert salt MY, and the other components of the solutions (S or X) should be present in negligible concentrations with respect to that of MY (e.g. KC1, NaClO4, KNO3, NaNO3).
This procedure is mostly used in the investigations of protonation and complex formation equilibria, where for practical reasons a glass electrode often replaces the hydrogen gas electrode.
DETERMINATION OF pH IN BLOOD AND BODY FLUIDS
It is not intended that the foregoing recommendations should apply to determination of pH in blood plasma, blood serum, whole blood or urine, where the 0. 9.5 pH glass electrode. Hydrogen-ion responsive electrode usually consisting of a bulb, or other suitable form, of special glass attached to a stem of high resistance glass complete with internal reference electrode (9.6) and internal filling solution system (9.7). Other geometrical forms may be appropriate for special applications e.g. capillary electrode for measurement of blood pH.
9.6 Internal reference electrode (of a glass electrode). Electrode, e.g. silver-silver chloride, electrically connected to the screened input cable to the pH meter, and in contact with the internal filling solution.
9.7 Internal filling solution (of a glass electrode). Aqueous electrolyte solution, which may be gelled, containing fixed concentration of hydrogen ions e.g. HC1 or a buffer solution, and a fixed concentration of the ion to which the inner reference electrode is reversible, e.g. chloride ion in the case of silver-silver chloride, or calomel electrodes.
9.8 Glass electrode error. Deviation of a glass electrode from the hydrogen-ion response function. An example often encountered is the error due to sodium ions at alkaline pH values, which by convention is regarded as positive.
9.9 Asymmetry potential of a glass electrode. Measured potential difference of a symmetrical cell with identical solutfons and reference electrodes on each side of the glass membrane. There is rarely the need, nor the possibility, of measuring the asymmetry potential of commercial glass electrodes. Drifts in glass electrode potentials with time and variations from day-to-day in the potential measured in a standard buffer may be attributed to changes in asymmetry potential.
9.10 Hydrogen gas electrode. A thin foil of platinum electrolytically coated with finely divided deposit of platinum or palladium metal, which catalyses the electrode reaction:-H + e
H2
in solutions saturated with hydrogen gas.
Definition ofpH scales (Recommendations 1984) 541 9.11 Reference electrode. External electrode system which comprises an inner element, usually calomel, silver-silver chloride or thallium amalgam-thallous chloride, a chamber containing the appropriate filling solution (9.14) and a device for forming a liquid junction (9.12), e.g. capillary, ceramic plug, fritted disc or ground glass sleeve.
9.12 Liquid junction. Any junction between two electrolyte solutions of different composition. Across such a junction there arises a potential difference, called the liquid junction potential. In the operational pH cell the junction is between the test, or pH standard, solution and the filling solution or the bridge solution (9.15) of the reference electrode. 
10, SUMMARY
The compromise recommendation described above recognises that pH experts are divided and TUPAC is unable to recommend, unreservedly, on scientific grounds, one or other of the two approaches to pH scale definition,
In permitting the validity of either approach, with the proviso that results are properly reported, indicating which system and standards have been used, it is hoped that there will be greater realisation of the problems of pH measurement by the scientific community. Further research is needed to establish the respective merits of the two approaches and only then can a thermodynamically significant and metrologically sound pH scale be recommended, Tables 1 and 2 , the difference in standard electrode potential consequent upon the recommended change in standard state pressure cancels out. Therefore, the standard state condition of 1 atm in cells III, IV and V is retained here,
